To investigate factors related to resumption of smoking by women after childbirth, the smoking habits of 241 postnatal women, who initially had stopped smoking after pregnancy, in a rural city in Aomori Prefecture, Japan, were studied at 5 -6 days, 1 month, and 12 months after childbirth. At 1 month after childbirth, only nine women had resumed smoking, but a total of 40 women had resumed smoking after 12 months. Factors related to smoking resumption after childbirth included the switching from breast feeding to bottle feeding and the influence of smoking by their spouses. Spousal smoking is an important factor in the resumption of smoking by women after childbirth.
Introduction
Many smokers are unable or unwilling to give up smoking despite the fact that it is linked with serious respiratory diseases [1] . Smoking habits may be influenced by mental disorders, including anxiety and depression [2] , increased actual or perceived stress [3] , and abuse-related post-traumatic stress disorders [4] .
The prevalence of postpartum depression and its devastating consequences for the mother imply that postpartum depression has a significant public impact. In a previous study, we suggested that although smoking resumption may help alleviate postpartum depression, it can still have serious health consequences for women after childbirth [5] . Although most women quit smoking after pregnancy, one-third of women resumed smoking within 1 year of childbirth [5] .
In the present study, we investigated factors related to smoking resumption in women after childbirth.
Methods
Among 1051 postnatal women we adopted 250 postnatal women who were smoking before pregnancy but who ceased smoking after pregnancy. The setting was a rural city in Aomori Prefecture, northern Japan, (population, 174,000; number of births from April 2009 to January 2013, 4735) where mothers brought their infants for a check-up 5 -6 days after delivery at six different obstetrics clinics.
Mothers who agreed to participate in the study completed self-reported questionnaires. Among the 250 invited women, 241 completed the questionnaires at 5 -6 days after childbirth, and these women were prospectively followed up at 1 and 12 months. To ascertain the sociopsychological state of the participants, four questionnaires dealing with different aspects were provided, containing the following questions: Questionnaire 1, social status (age, educational level, and annual income); Questionnaire 2, obstetric factors [previous childbirth experience (i.e., primipara or multipara), premature birth and/or abortion, baby's weight at delivery, and breast feeding or bottle feeding]; Questionnaire 3, physical status (worries concerning baby care, alcohol consumption, smoking habit, and smoking habit of spouse); and Questionnaire 4, sociability, good relationship with spouse, satisfaction with childcare, and financial concerns.
The study protocol adhered to the recommendations of the Declaration of Helsinki [6] . Verbal informed consent was obtained, and the participants' anonymity was preserved using a coding system. Ethical approval was obtained from the Ethical Committee of Hirosaki University of Health and Welfare, Japan. The statistical differences of the sociopsychological states between the women who quit and resumed smoking after childbirth were calculated using the Chi-squared test. The differences were regarded as statistically significant at p < 0.05.
Results
Among the 241 women who answered self-reported questionnaires 5 -6 days after childbirth, 210 and 146 could be followed up at 1 and 12 months, respectively. At the 1-month follow-up, nine women had resumed smoking. Over the following period and up to 12 months, the total number of women who changed their smoking status from "quit smoking" to "resume smoking" was 40 ( Table 1) .
Smoking habits of spouses, alcohol intakes of the women, switch from breast feeding to bottle feeding, primiparas, and experience of abortion were significant factors influencing the sociopsychological state between those who quit smoking and those who resumed smoking ( Table 1) .
Multivariate regression analysis was used to compare smoking versus sociopsychological state at 12 months after childbirth. In the analyses, smoking by spouses, primiparas or multiparas, experience of abortion, alcohol intake, and breast feeding or bottle feeding corresponded to "yes" or "no" answers or choices "1" or "2", respectively.
As shown in Table 2 , the standardized multivariate regression coefficients of smoking by spouses, alcohol intake by women, switch from breast to bottle feeding, childbirth experience, and experience of abortion 
Discussion
There are many factors to affect the smoking resumption. Cessation of smoking will lead to a period of increased stress, followed by a return to baseline, because acute nicotine deprivation (i.e. between cigarettes) is stressful. Then, the former smoker no longer suffers from the adverse mood effects of acute nicotine depletion. However, it has not been established whether or not quitting smoking leads to reduced stress or not in terms of sociopsychological status of individual; for example, a person experiencing a stressful sociopsychological state smokers might not reduce stress level even after long-term cessation of smoking. Thus, it has been reported that as compared to non-smokers of mothers, smokers of mothers who had exhibited a more stressful sociopsychological state (higher levels of perceived stress, depression, neuroticism, and negative paternal support) were associated with rate of being a smoker than a non-smoker [7] . Work style (i.e. shift work) was critically associated with cigarette smoking in Japanese female workers [8] . In the present study, we observed that switching from breast feeding to bottle feeding and spousal smoking was important triggers for women who resumed smoking. Alcohol intake by women was also significant, although their significance was low, which is a serious challenge [9] [10] . In mothers, resumption of smoking was associated with a switch from breast feeding to bottle feeding, which suggested that smoking offers a means of relaxation from the stress of caring, feeding, and not being able to go outside the house [11] - [13] . Mothers who smoked did not tend to socialize. Spousal smoking increased the woman's temptation to smoke; therefore, if the spouse could quit smoking, women would be more successful in giving up smoking themselves.
Spousal support during and after pregnancy is suggested as an important factor in smoking cessation [14] [15]. In the present study, we observed that the presence or absence of spousal smoking was important in determining whether women had a higher probability of returning to smoking after childbirth. Reducing stress associated with caring for the baby may also allow mothers to avoid smoking because when the husband is closely involved in baby care, stress scores have been reported to be lower for women [16] - [18] .
Alcohol consumption by mothers is also correlated (albeit weakly) with resumption of smoking; therefore, avoiding alcohol consumption may also help in their smoking cessation [19] [20] . Resumed smoking of women could not be simply prohibited unless other habits like alcohol and smoking habit of husbands are being fully cooperated. One potential limitation of the present study is that the number of participants sequentially decreased over the study period; this may have affected our results.
